In an effort to determine the orbital period of the enigmatic star DI Cru ≡ WR 46 ≡ HD 104994, we made photometric and spectroscopic observations of this object between 1996 and 2002. Both photometric and spectroscopic characteristics are quite complex. The star is highly variable on short (few hours) as well as on long (few months) time-scales.
Introduction
DI Cru ≡ WR 46 ≡ HD 104994 is a Wolf Rayet star that has been classified as a peculiar early WN, weak lined object. In The VIIth Catalogue of Galactic Wolf-Rayet Stars (van der Hucht 2001) it was classified as WN3 pec, where the "pec" suffix indicates the presence of strong O VI 3811/34Å emission lines. There are only three WR stars of the nitrogen sequence in this catalog that display strong O VI emission lines. The other stars are WR 109 (also known as V617 Sgr ) and WR 48c, also known as WX Cen (Diaz and Steiner 1995) . Both of them have well defined short orbital periods. WR 156 is also reported in the Catalog as having O VI emission lines. However, the N V 4945Å line is not present in the spectrum published by Marchenko et al. (1998a) and O VI lines are not visible in the spectrum published by Hamann et al. (1995) . DI Cru was classified by Smith et al. (1996) -SSM96 -in their three-dimensional classification system as WN3b pec. The letter "b" stands for FWHM(He II 4686Å) > 30Å or 1920 km s −1 . The Einstein Observatory IPC detected DI Cru as a source with a derived X-ray luminosity L X (0.2 − 4 KeV ) ∼ 3 × 10 33 erg s −1 with an estimated distance of 8.7 kpc (Pollock 1987) . It was also detected by the ROSAT PSPC instrument . van der Hucht et al. (1988) list a distance of 3.44 kpc and an absolute magnitude of M V = −2.8. In their analysis of Wolf-Rayet stars distribution in the Galaxy, on the basis of their distance determination by spectroscopic parallaxes, Conti and Vacca (1990) estimated a distance of 6.3 kpc, assuming M V = −3.8 and (b − v) 0 = −0.20. These values were derived under the hypothesis that the star has standard WN3 properties. Veen and Wieringa (2000) derived a lower limit of 1.0 kpc based on the upper limits to the radio fluxes at 3 and 6 cm and on an adopted mass-loss rate of logṀ (M ⊙ yr −1 ) = −5.2. In addition to this, Tovmassian et al. (1996) place the system in an OB association with 11 other stars at a distance of 4.0 kpc. Monderen et al. (1988) found photometric variability with 0.075 mag amplitude in the V filter and time-scale of about 0.125 d. In a followup photometric study, van Genderen et al. (1991) suggest a binary nature with an orbital period of 0.2824 d and an asymmetric 0.15 mag amplitude light curve. These authors also suggest that the emission lines are emitted by a circumstellar envelope. Crowther et al. (1995) -CSH95 -presented ultraviolet and optical observations of DI Cru and made a detailed wind model analysis of this object in the context of weak-lined WNE stars. They concluded that the star is well modeled as a population I object with strong wind. They also concluded, however, that its location in the HR diagram and its CNO abundances are quite anomalous and are not predicted by theoretical model evolution for WR stars. These authors found that oxygen is overabundant by a factor of 2 (O/N ∼ 0.1) and that the upper limit for carbon is C/O < 0.3. An independent determination of the distance to the star on the basis of the galactic rotation curve was also made by these authors, who found a distance d = 4.0 ± 1.5 kpc. The derived luminosity is log L/L ⊙ = 5.53, the mass, M = 14 ± 1 M ⊙ and logṀ /M ⊙ yr −1 = −5.20. A preliminary radial velocity curve of the emission lines of DI Cru was published by Veen et al. (1995) and showed an amplitude of about 100 km s −1 with the 0.28 d period. The binary nature of the system seemed to be confirmed. However, from analysis of the radial velocity of the N V 4603/19Å and the He II 4686Å lines, Niemela et al. (1995) determined a period of 0.311274 d, quite distinct from the 0.28 d period found before. These authors suggest DI Cru to be an evolved binary system containing an accretion disc. Based on polarimetric observations they estimate a distance of about 2 kpc and an absolute magnitude of M V = −1.6. van Genderen et al. (1991) and also Veen et al. (1995) proposed that the star is a binary system in which the low mass object is a white dwarf -a configuration difficult to explain considering the theory of binary evolution. Marchenko et al. (1998b) reported the discovery, using the Hipparcos satellite, of long term photometric variations with approximately 0.2 mag amplitude (V j ). Long term variations in the equivalent width of the He II 5411Å emission line correlated with these photometric variations were also reported (Veen et al. 1999) . Marchenko et al. (2000) -Mar00 -presented extensive spectroscopic and photometric monitoring of DI Cru and showed that the star reveals periodic variations with a period of 0.329 ± 0.013 d. Although these authors interpret the system as a classical population I WR star in a binary system, they found that the radial velocity modulation disappears from time to time, establishing a new puzzle.
Recently, Veen et al. (2002a,b,c) -Vee02a,b ,c -in a series of papers, made a detailed analy-sis of photometric and spectroscopic data. They found that the star has presented distinct periods and interpreted this as evidence for either multiple non-radial pulsation periods or gradual change of the underlying clock rate. They discussed a variety of scenarios to explain the set of observations and ruled out the model of single star rotation as the main cause of photometric and spectroscopic variability. Between the two remaining possibilities -non-radial pulsation or binary signaturethey favored the former one but concluded that the enigma of DI Cru has not yet been solved, leaving room for further investigation. Steiner and Diaz (1998) included this star in a group of 4 objects they called the V Sagittae stars. This group of objects is composed of galactic binary stars that share many photometric and spectroscopic observational properties that are not found among the canonical cataclysmic variables or WR stars. The stars of this class are spectroscopically characterized by the simultaneous presence of emission lines of O VI and N V and by the strength of the He II 4686Å emission line relative to Hβ usually larger than 2. There is also indication of strong wind in all the systems, as can be concluded from the clear P Cygni profiles, seen in all objects (see also Steiner et al. (1999) and Diaz (1999) ). He I lines are very weak or most frequently absent. No evidence of atmospheric absorption features from the secondary star has been published so far. The other three members of this group are: V Sge (Herbig et al. 1965 ), V617 Sgr = WR 109 Cieslinski et al. 1999) and WX Cen = WR 48c (Diaz and Steiner 1995) . The orbital periods of these stars are 12 hr, 5 hr and 10 hr, respectively. One possible interpretation of these stars is that they are the galactic counterpart of the Close Binary Supersoft X-ray Sources (CBSS) seen in the Magellanic Clouds and in M31 (Steiner and Diaz 1998) . The most popular model to explain the properties of the CBSS is that of hydrostatic nuclear burning on the surface of a white dwarf (van den Heuvel et al. 1992 ). This stable nuclear burning can occur when the mass transfer ratio is very high (10 −7 M ⊙ yr −1 ), a situation that occurs in systems with mass ratios inverted (q = M 2 /M 1 < 1) when compared to those usually found in cataclysmic variables (Kahabka and van den Heuvel 1997) .
The suggestion that DI Cru is a V Sagittae star has been criticized by Mar00 and by Vee02a,b. Their main arguments are: a) unlike CBSS/V Sge stars, DI Cru has a strong wind and b) the population I model calculated by Crowther et al. (1995) describes well the line profiles, and the derived properties are similar to other weak lined WNE stars. As we will show in Section 6.3, we argue that DI Cru is a population I WR and not a V Sge star. However, the first of the two arguments above is not correct since both classes present strong wind. It is curious that these two groups of objects are members of completely distinct stellar paradigms and, yet, present similar spectral properties. WR stars are post main sequence phases of very massive (∼ 60 M ⊙ ) stars -a young population. Currently they are in central helium (N sequence) or carbon (C sequence) burning phases. In contrast, V Sge stars are an evolutionary phase of a binary system containing a white dwarf -an intermediate mass, old population star.
In the present work we show the results of the analysis of photometric and spectroscopic data on DI Cru obtained during the years 1996 -2002. In Section 2 we describe the observations and data reduction procedures, while the optical spectrum is presented and discussed in Section 3. Sections 4 and 5 present the search for periodicities in this system, while Sections 6 and 7 present general discussions and the conclusions.
Observations and data reduction

Photometric observations
The photometric data on DI Cru were obtained between 1996 and 1999, in a total of 45 nights, using the 60 cm Boller & Chivens telescope of the University of São Paulo and the 60 cm Zeiss-Jena telescope, both at the Laboratório Nacional de Astrofísica in Itajubá, Brazil. In these 4 years, 4 different CCDs were used to carry out the observations. The images were obtained through the Johnson V band or in white light and cover fields between 2.7 ′ x 3.6 ′ and 7.9 ′ x 11.9 ′ , which contain DI Cru and the same four comparison stars always used in the differential photometry. Table 1 gives the journal of photometric observations. Bias and flatfield images were obtained to correct for undesirable instrumental signatures. Most of the images present an overscan region used for correction offsets in the mean bias level.
The data reduction was performed in the standard way, using the IRAF 2 routines. Differential aperture photometry was executed using the DAOPHOT II routines package. We applied, to these data, period search routines based on Fourier analysis with cleaning of spectral windows effects (CLEAN) (Roberts et al. 1987) , Phase Dispersion Minimization method (Stellingwerf 1978) and also Lomb-Scargle method (Scargle 1982) .
Spectroscopic observations
The spectroscopic observations were carried out with the 1.6 m telescope and the Boller & Chivens Cassegrain and Coudé spectrographs. At the Cassegrain spectrograph, we used a 1200 l/mm dispersion grating to obtain 3 spectra with ∼2Å resolution (FWHM). A total of 124 Coudé spectra were obtained with the 600 l/mm and 1800 l/mm gratings, resulting in ∼0.7Å and ∼0.2Å FWHM resolution, respectively. Table 2 presents the journal of spectroscopic observations. We obtained several bias and dome flatfield exposures to correct for the readout pattern and sensitivity variations on the detectors. Dark current correction was not necessary. The slit width was sized to the seeing conditions at the time of observation. We took exposures of calibration lamps between each star exposure to obtain the pixel-wavelength transformation. The solutions obtained were interpolated to the individual star exposures. The image reductions, spectra extraction and wavelength calibration were attained with IRAF standard routines.
An additional spectroscopic observational mission was made with the FEROS -Fiber-fed Extended Bench Optical Spectrograph - (Kaufer et al. 1999) ) at the 1.52 m telescope of ESO (European Southern Observatory) in La Silla, Chile. The FEROS spectrograph uses a bench mounted Echelle grating with reception fibers in the Cassegrain focus. It supplies a resolution of R = 48000, corresponding to 2.2 pixels of 15 micrometers, and spectral coverage from 3600Å to 9200Å. A completely automatic online reduction system is available and was adopted by us. Readout time was approximately 7 minutes.
3. The optical spectrum
Line identification
The FEROS spectrum, with its high resolution and wide spectral coverage from 3800Å to 8800Å, gives us the opportunity to identify the emission as well as the absorption features with high accuracy over a wide spectral range. The spectrum of DI Cru is quite rich in emission lines, mostly from high ionization species such as He II, N IV, N V and O VI (see Table 3 ).
Figures 1, 2 and 3 show our spectra obtained at LNA. These figures illustrate quite well the fact that the O VI 3811/34Å and N V 4945Å are much narrower than He II 4686Å, while N V 4603Å has a narrow and a broad component.
We have compiled the CNO emission lines from the literature and organized them in a table with similar configurations, term by term (see Table 4 ). From this table it is clear that the spectrum is dominated by only three high ionization species: He II, N V and O VI. The only O V -N IV -C III lines that have been observed are the terms (2p
We used Coudé spectra centered at 8300Å to search for spectroscopic evidence of a possible secondary star. These spectra were divided by the spectra of hot calibration stars to eliminate the atmospheric absorption lines. We also obtained spectra of cool comparison stars (of M, G and K spectral types) with the same instrumental configuration and did the same process in order to compare the characteristic spectral lines of the cool stars to the lines of DI Cru. We could not see any evidence of a cool component. In our highresolution FEROS spectra we were also unable to detect any spectral feature of a hypothetical secondary star.
The terminal wind velocity, as estimated from He II emission lines, is v ⋆ (HWZI)= 2200 km s −1 .
Line variability
The line profile and intensity variability has been extensively discussed by Mar00 and by In order to study the line variability in a more objective way, we computed the Temporal Variance Spectrum (TVS). In this procedure the temporal variance is calculated for each wavelength pixel from the residuals of the continuum normalized spectra. In our TVS analysis we calculate the square root of the variance as a function of wavelength. For further details and discussion of this method, see Fullerton et al. (1996) . The TVS of our medium resolution LNA spectra (81 spectra obtained on 1998 April 10, 11 and 12) is shown in Figure 1 . The first thing to notice is the striking difference between the TVS profile of the N V 4945Å (narrow) line and the (broad) lines of He II and N V 4603/19Å. This illustrates well the two regimes described in Fullerton et al. (1996) : the two peaked profile resulting from a radial velocity variation and a true line profile variation -lpv. When the line has no intrinsic variation but is displaced by radial velocity only, it introduces a double peak profile as illustrated in Figure 1 of Fullerton et al. (1996) . In this case one expects σ/I ∼ K/FWHM. In the case of N V 4603Å and of He II 4686Å, the TVS profile is much more similar to a true line profile variation, where the TVS profile is filled and the two peaks disappear.
Another remarkable characteristic is the difference in σ/I for the He II 4686Å (σ/I ∼ 5%) and N V 4603Å (σ/I ∼ 10%). This indicates that the observed profile of N V 4603Å varies more than He II 4686Å (by about a factor of two).
Finally, the He II 4686Å shows a σ/I ratio that depends on the velocity along the profile. While the line profile has a maximum red-shifted by ∆v = +175 km s −1 , the TVS has its maximum at negative velocity (∆v = −350 km s −1 ). We tentatively explain this effect in terms of a variable P Cyg absorption, causing both the displacement of the emission peak to the red and maximum variance in the blue. 
Continuum fluorescence vs. recombination
One noteworthy characteristic of the spectrum of this star is that the line widths of the N V lines at 4945Å and at 4603/19Å are very distinct. While the 4945Å line has FWHM ∼ 455 km s −1 , the 4603/19Å lines have a narrow and a strong broad component of width similar to that of He II 4686Å, that is, FWHM∼ 2 000 km s −1 . N V is, therefore, emitted in two different regions, with distinct kinematics. What does this mean in terms of physical interpretation?
The first point to notice is that the 4945Å line is a blend of a set of numerous recombination lines from the (6 -7) transitions and also from the (8 -11) transitions. The doublet 4603/19Å (transition 3s 2 S -3p 2 P 0 ) is formed by recombination from the cascading down process and also from the UV continuum fluorescence. The O VI 3811/34Å lines have similar structure.
The recombination emission depends on the square of the density while the continuum fluorescence lines have a linear dependence with density. If one assumes a wind that is optically thin for the exciting photons responsible for the fluorescence process and a velocity field given by
where v ⋆ is the terminal velocity of the wind, r ⋆ is the radius of the star and β is a measure of the rate of acceleration (Castor et al. 1975) , then the ratio of emissivity due to fluorescence (E f l ) and to recombination (E rec ) is
This shows that the ratio E f l /E rec increases with radius to its maximum at v = v ⋆ . The narrower recombination lines suggest that they are preferentially emitted in the inner part of the wind where density is higher and velocity is smaller. The continuum fluorescence lines are preferentially produced at higher velocities in the wind -similar to the ones seen in the He II emission.
There may be a hint about the nature of the N V 4603Å line variability in the line profile calculated by CSH95. In their Figure 6 , the line profiles from the two models considered are quite distinct. The two models have different effective temperatures and mass losses. The recombination lines are more sensitive to density and, therefore, to mass loss.
What we see in our data is that the recombination lines are less variable than the continuum fluorescence lines. The N V 4945Å recombination blend, for example, does not seem to vary as its TVS shows a velocity displacement pattern and not a lpv type profile. The continuum fluorescence lines are very sensitive to the central source effective temperature. A variable central source temperature is, therefore, the likely explanation for the N V 4603/19Å variability. This variability in temperature could be originated either in the stellar atmosphere or, more likely, in the optically thick wind with variable optical thickness. A variable optical depth in the wind could, in principle explain, at the same time, the high variability in the N V lines, the photometric variability and the fact that the star becomes bluer when fainter (Vee02a). CSH95 have calculated detailed models for the emission line profiles. In their figure 6 they show that the two models with effective temperatures of T ef f = 80 000 K and T ef f = 89 000 K both describe reasonably well the line N V 4945Å but the lines N V 4603/19Å are only adjusted well if the temperature is about T ef f = 89 000 K. This again argues in the sense that the intensity of these lines is much more sensitive to the stellar temperature than the N V 4945Å line.
We see significant evidence of variability in the degree of ionization. For instance, although we can not identify the N IV multiplet near 7123Å in the FEROS (2002) spectrum, in our spectrum taken in the 3400-3900Å region (1996) there is a strong emission of the N IV 3479Å multiplet. These two multiplets arise in the recombination cascading and correspond to successive transitions; being correlated, they should be both present or absent. An explanation for this apparent discrepancy may be that the star was at a higher degree of ionization in January 2002, when compared to June 1996 (see also a discussion about the variability of the N IV line in Vee02a).
The degree of ionization of a stellar wind is related to the ionization parameter (the density of ionizing photons divided by the electron density). The correlation between the N V 4603/19Å inten-sity and the appearance of the C III line in Figure 3 (when compared to Figure 1 ) seems to point toward opposite directions. While a stronger emission of the N V lines in Figure 3 suggest a higher temperature, the presence of the low ionization species C III can only be reconciled if a high wind density is also assumed.
The 0.3319 d period
Radial velocity curves were constructed using N V 4603Å (spectra with 0.65Å and 0.23Å spectral resolution), N V 4945Å, He II 4686Å and O VI 3811Å (0.65Å resolution) emission lines measured at the Coudé spectrograph. N V 4945Å, N V 4603Å and O VI 3811Å from the FEROS spectra (0.1Å resolution) were also used. The determination of the radial velocity from the N V lines was made by fitting a Gaussian profile to the peak of the lines. In the particular case of the N V 4603Å we adjusted a Gaussian using the profile above 80 % of its height, given the proximity of the line at 4619Å and also because of the broad (fluorescence) component that may have a somewhat distinct kinematics. The radial velocity of the He II emission line was measured from the flux weighted centroid of the line.
The O VI 3811Å and the O VI 3834Å lines are very close to each other. Therefore the determination of their central wavelength was performed by deblending using two Gaussian components. All radial velocities were corrected to heliocentric velocity system and are given in Tables 5a and 5b .
The various lines in consideration here show distinct systemic velocities (see Table 6 ). This is so because of blending and self-absorption (in the case of He II). All lines have, in fact blending problems. N V 4603/19Å are blended with each other and also with He II 4686Å. The broad and variable component leaves the situation even worse. In the case of the O VI lines, the situation is similar but somewhat better as it is not blended with any other strong line. It seems that the most reliable radial velocity measurements come from N V 4945Å. This is, in fact, a blend of a forest of N V 6-7 (and also 8-11) transitions that happen to have similar wavelength. Since all are recombination lines and are emitted in the densest part of the wind, it seems to be a good indicator of the stellar kinematics. For this reason we subtracted from each radial velocity measurement of N V 4603Å, the systematic difference between the average velocity of this line and that of N V 4945Å. This difference is 46 km s −1 . We also assigned different weights to spectra with distinct resolution: weight 2 to spectra with resolution 0.65Å and weight 3 to spectra with resolution 0.23Å and 0.10Å.
As found by Marchenko et al. (1998b) , our data also show that DI Cru presents photometric variations with time-scales of months. The total amplitude of variations we observed is of about 0.45 mag. This seasonal type of variation is unique among WR stars. We also found that the photometric characteristics such as flickering activity and night to night light curve shape depend strongly on the level of the overall brightness. For this reason we separated the data in three groups, depending on the intensity. We will call these groups as minimum, intermediate and maximum brightness levels and will, as a first approach, analyze them separately in terms of periodicity searching routines. The minimum brightness level was arbitrarily defined by photometric measurements with ∆mag(v-c1)> −0.65, where ∆mag(v-c1) is the difference in magnitudes between the variable star (DI Cru) and the comparison star c1 (V =11.79, α(J2000)=12:05:24.5, δ(J2000)=−62:01:43.6), in the V band. In the intermediate state −0.85 > ∆mag(v-c1)> −1.00, and in the maximum state −0.95 > ∆mag(vc1)> −1.10.
We initially applied the Lomb-Scargle algorithm to search for periodicities in the radial velocity and intermediate level photometric data. The resultant periodograms are displayed in Figure 4 , and show a main signal with P = 0.3319 d (3.013 cycles d −1 ). An one day alias of 0.25 d (4.0 cycles d −1 ) is also strong but less significant in the radial velocity data. The one month aliases of 0.324 and 0.340 d (3.09 and 2.94 cycles d −1 ) are also quite strong and can not be discarded on the basis of these periodograms only. The high brightness level photometric data will be analyzed in Section 5.
The photometric ephemeris is: The radial velocity curve is consistent with this period and the time of crossing from positive to negative values when compared to γ is T 0 (HJD) = 2 450 917.232(±20). Figure 5 shows the radial velocity curve of the N V lines folded with the 0.3319 d period. The best fit sine-wave is also shown and yields the values of γ = −69(±2) km s −1 for the systemic velocity and K = 58(±2) km s −1 for the radial velocity semi-amplitude. We used the same values for the period and T 0 to plot the radial velocity curve of the He II emission line. As can be seen in Figure 6 , it presents a significant phase lag (0.2 in phase) when compared to N V. This confirms the stratified nature of the wind as already shown by Vee02b.
One should notice the strong difference between our values for K and γ and those measured by Niemela et al. (1995) . These authors found that the amplitudes of the radial velocity curves of the N V 4603/19Å and the He II 4686Å lines were, respectively, 320 km s −1 and 173 km s −1 , while the systemic velocity determined from these same lines were also quite discrepant, namely +4 km s −1 and +204 km s −1 . Similar differences between distinct lines have also been reported by Vee02b. This is, perhaps, not surprising as these lines are so badly blended. Spectral resolution also matters as the narrow component of N V can only be measured with some confidence for medium to high resolution spectra.
The average light curve of the intermediate brightness level with the period of 0.3319 day is shown in Figure 7 . A double wave with two unequal minima is seen.
Multiple periodicities
The behavior of the radial velocity and intermediate level photometric data seems to be consistent with a single period phenomenon -the classical situation of a binary system. In the present analysis, however, the situation is clearly more complicated. This is well illustrated by the Lomb-Scargle periodograms for the photometric data obtained in the years 1997, 1998 and 1999 (Figure 8) Table 7 summarizes the principal periods found for this object.
The radial velocity measurements made by Marchenko et al. (2000) -Mar00 -allowed those authors to determine a period of 0.329 d. As these observations were made in 1999 March and we have spectroscopic observations from 1999 April/May, it is worthwhile to combine them and refine the analysis of the possible periods. To do this, we incorporated to our set of 1999 radial velocity data only the Mar00 data for the narrow N V 4945Å line, with weight 1 (our data kept weights as defined in Section 4). The first thing to notice in the resultant periodogram (Figure 9 ) is that, as expected, the strongest signal is in the range of frequencies of 3.01 -3.05 cycles d Combining these data with our measurements from 1998 we obtain the strongest peak at 3.014 cycles d −1 (0.3318 d), which is about the same value (0.3319 d) determined in Section 4. In the same periodogram we also see a secondary peak at 3.55 cycles d −1 (0.282 d). These secondary radial velocity periods are very important in terms of interpreting the nature of the star. First, multiple periods have been seen in photometry before but not in radial velocity. Second, the secondary periodogram peaks seen in the 1998/1999 radial velocity data recover the photometric periods seen in 1989/1991. This means that the star keeps its frequency memory and is not controlled by a sin- gle clock with ever-growing period as suggested by Vee02b. Mar00 and Vee02b observed a puzzling phenomenon in the radial velocity behavior of this star. Although periodicities with large amplitude are seen by both authors, from time-to-time they also observe a standstill so that the radial velocity does not vary at all along single nights. This unusual behavior seems to repeat with time-scales of 2 -3 days.
Could this be caused by constructive/destructive interference between the distinct but simultaneously present multiple periods? A close inspection of the patterns shown in Figure 9 suggests that this might well be the case. As at least 4 periods seem to be present in the observations from 1999, one expects a rather complex pattern of interference. We expect, however, a main beat period as a result of the interference of the two main periods (0.329 d and 0.267 d). This gives a beat period of 1.43 d. But, given that this is about 3/2 of a day, the actual observations would have a recurrence time-scale of about 3.3 d. This is consistent with the observations of Mar00. This is a clear argument in favor of the explanation of the "standstill puzzle" as a consequence of interference between the periods that are present simultaneously.
Discussion
One aspect that must be considered carefully in radial velocity measurements is the resolution of the spectra, as well as the line under consideration. For example, Mar00 measured the radial velocity of the line blend of He II4686Å+N V 4603/19Å. Given the high variability of the He II/N V line ratio, it is hard to tell what a radial velocity variation of such a blend would mean. A second point one must caution about is the mix of recombination and continuum fluorescence of the N V and O VI 3s 2 S-3p 2 P 0 transition, as they are emitted in distinct regions within the wind. The broad component, formed in the high velocity and low density wind, probably due to fluorescence, may have a kinematics that is quite distinct from that of the narrow component, due to recombination. This conclusion one derives from Figure 1 , considering that the broad component of N V has a kinematics similar to that of He II 4686Å. This last line must also be considered with care. Variable P Cygni-type absorption introduces a radial velocity shift in the peak of the He II lines that may mask or substantially contaminate the radial velocity measurements. By comparing the average velocity of N V 4945Å to that of He II 4686Å, we conclude that this effect amounts to +130 km s −1 . From these considerations we believe that the most reliable measurements are those made from the peak of N V and O VI lines as they are the likely tracers of the stellar kinematics.
6.1. Is DI Cru a binary system? Niemela et al. (1995) and Mar00, based on their radial velocity observations, have concluded that their spectroscopic period is likely to be the binary one. Although there is a difference between the two periods (0.311 d vs. 0.329 d) one has to consider that the period determined by Mar00 and by us is consistent with the idea that our main radial velocity period may, perhaps, be stable and represent the orbital one. The existence of secondary spectroscopic frequencies (3.74, 3.55, 4.29, 3 .60 cycles d −1 , or 0.267, 0.282, 0.233, 0.278 d), however, shows how much care one has to take in analyzing this object.
The secondary spectroscopic periods found in 1998 and 1999 have recovered the photometric periods found in 1989/91. This strongly argues against the idea that the variability is controlled by a single clock with rapidly increasing clock-rate (Vee02a). On the contrary, it seems that distinct periods appear and reappear from time to time.
The existence of multiple spectroscopic periods also shows that the orbital period is not the only one. We conclude that we cannot rule out the hypothesis that DI Cru is a binary system; but its binary nature has not yet been proven. This could possible be done by demonstrating that the star shows long term coherence or by detecting the secondary star.
Non-radial oscillations
Vee02c have discussed in detail various possibilities to explain the observed characteristics of this star. Although not discarding the possibility of a binary system, they proposed non-radial oscillations as the likely cause of the observed photometric and spectroscopic variations. The main reason for this idea is that the photometric variations are not strictly periodic and multiple frequencies seem to be present at a given epoch.
We show a summary of the photometric and spectroscopic (radial velocity) periods identified so far in Table 7 . Most of the periods are either close to 3.0 -3.7 cycles d −1 (0.270 -0.333 d) or to 6.5 -7.3 cycles d −1 (0.137 -0.154 d). As pointed out by van Genderen et al. (1991) , if the photometric data that show ∼ 7 cycles d −1 (0.143 d) are folded using twice the single-wave period, the light curve appear ellipsoidal with unequal minima. Moreover, the radial velocity data obtained simultaneously with the photometry are in better agreement with the double-wave than with the single-wave period. Therefore we show, in parenthesis in Table 7 , half the frequency in those cases. The distribution of periods that appear both in spectroscopy and photometry is now concentrated near 3.0 -3.2 (0.313 -0.333 d), 3.5 -3.7 (0.270 -0.286 d) and 4.3 cycles d −1 (0.233 d). Vee02c have convincingly suggested that the photometric and radial velocity variations may be interpreted as non-radial oscillations. The presence of simultaneous multiple spectroscopic and photometric periods certainly requires such an interpretation, regardless of the binary nature of the star. The stratification of the wind, which is visible in the delay of the radial velocity curves (Figure 6) of He II and of the narrow component of N V (∆φ ∼ 0.2) is consistent with this interpretation.
The presence of multiple periods suggests that one may be dealing with multiple modes of oscillations, and we will not attempt to identify these modes because of the temporal distribution of our data.
It is interesting to compare WR 46≡DI Cru with HD 45166, which has been studied in detail by Steiner and Oliveira (in prep.) . We have shown that HD 45166 has an orbital period of 1.59 d and additional oscillations with periods between 2.4 hr and 15 hr that appear in distinct velocity ranges in the wind. These additional non-orbital periods are interpreted as non-radial oscillations of a helium main sequence star of mass M 1 = 3.7M ⊙ . The wind is optically thin given that one can observe atmospheric absorption lines from the hot star and this marks a significant difference between the two stars under consideration (DI Cru and HD 45166). DI Cru has an optically thick wind. This difference likely results from the masses of the two stars which are extreme cases in the context of WNE objects. As a consequence, their luminosities and mass-loss rates are very distinct, implying totally different wind optical depths. It may be surprising that even so the stars present oscillations with similar periods. Within this context, we consider that DI Cru may be regarded as a luminous counterpart of the qWR star HD 45166.
Nature and classification
Is this star a WR or a CBSS? Here we list several arguments in favor of the former scenario: a) One indication that the star is not a CBSS is its luminosity (logL/L ⊙ = 5.53), as determined by CSH95, which is larger than the maximum Eddington luminosity for a white dwarf (logL/L ⊙ = 4.81). Other arguments in favor of a WR star are: b) evidence for non-radial oscillations with periods that seem to be compatible with the expected ones for helium burning stars; c) good agreement between the observed line profiles and the ones predicted by model calculations assuming that it is a population I WR star (CSH95) and d) mass-loss rate (logṀ (M ⊙ yr −1 ) = − 5.2) too large for the context of a CBSS. For a CBSS one expects a rate 100 times smaller.
The classification of DI Cru in van der Hucht (2001) is WN3 pec while SSM96 propose WN3b pec, where b stands for "broad". These authors considered that the star does not have hydrogen. We showed in Section ?? that the star does have hydrogen and in a measurable amount. Therefore we propose a classification of WN3b(h) pec in the SSM96 three dimensional classification system. This classification shows some features that are unusual in the context of WR stars: objects classified as WN3 as well as WNb do not usually show hydrogen. In addition, only three WN objects (WR 46, WR 48c and WR 109) in the catalog by van der Hucht (2001) show O VI emission.
Although we interpret the object as a binary system with an orbital period of 0.3319 d, its true binary nature has not yet been clearly demonstrated. We suggest that further medium to high resolution spectroscopy of the purely recombination (and narrow) line N V 4945Å may reveal long term coherence. Similarly, additional photometry, preferentially when at medium photometric level, is also encouraged.
Conclusions
The main conclusions of this paper are:
1. The optical spectrum of DI Cru is rich in strong emission lines of high ionization species, mostly dominated by He II, N V, N IV and O VI. Weak emission of C III and Hβ (and presumably of other Balmer lines) is also present. Emission lines have been compiled from the literature and identified from the ultraviolet to the infrared. In the UV, emission of O V and N IV is also observed together with very weak emission of C IV.
2. The N V/He II line ratio varies by a significant amount from night to night. The TVS analysis shows that the He II 4686Å line has P Cyg-like variable absorption while N V 4603/19Å lines have a strong and broad variable component. We propose that this variability is due to continuum fluorescence caused by excitation from a source (stellar atmosphere/optically thick wind) of variable temperature. We also show that the object has variable degree of ionization, probably caused by wind density variation.
3. From our 1998/1999 radial velocity measurements we derived a main period of 0.3319 d (3.013 cycles d −1 ) with an amplitude of K = 58 km s −1 . This period is similar to the one found by Mar00 from 1999 observations. 4. When at intermediate photometric level (1997) , it is possible, also to derive a photometric period that is consistent with 0.3319 d. Its light curve shows two minima of unequal depths.
5. In the years of 1998/1999 multiple spectroscopic and photometric periods were present, including those reported for the years 1989/1991. This argues against the idea that the variability is controlled by a single clock with rapidly increasing clock rate (Vee02a).
6. Mar00 interpreted the period of 0.3319 d as the orbital one. We argue that the additional photometric and spectroscopic periods are associated to non-radial pulsations, as proposed by Vee02c.
7. We call attention to the similarity between the multiple oscillation periods present in the stars DI Cru and HD 45166, despite the extreme differences between these stars (in the context of WNE objects) due to their very distinct masses. Given the similarities, we suggest that it might be a luminous counterpart of the qWR star HD 45166.
8. Interference between the various periods explains the disappearance of radial velocity modulation, seen from time to time.
9. The most convincing evidence that the star is not a CBSS is its luminosity, as determined by CSH95, which is larger than the maximum Eddington luminosity for a white dwarf. Other arguments in favor of a WR star are: evidence for non-radial oscillation, good agreement in line profile fitting and large mass loss rate.
10. Although the object is a possible binary system with an orbital period of 0.3319 d, its true binary nature (long term coherence, detection of the secondary star) has not yet been demonstrated. We suggest that further medium to high resolution spectroscopy of the purely recombination (and narrow) line N V 4945Å may perhaps reveal long term coherence. Similarly, additional photometry, preferentially when at medium photometric level, is also encouraged. a Numbers in parenthesis are double-wave frequencies (half the photometric frequencysee Vee02a); bold-face numbers are the dominant frequencies.
b References: (1) Vee02a; (2) Niemela et al. (1995) ; (3) This paper; (4) Mar00; (5) Vee02b
